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THE  ROLE  OF  A  FIRST  INTRON  NEGATIVE  REGULATORY  ELEMENT  IN  THE  REPRESSION  OF 
EGFR  EXPRESSION  IN  HORMONE-DEPENDENT  BREAST  CANCER 


INTRODUCTION 

The  progression  of  breast  cancer  from  an  estrogen  receptor  positive  (ER+),  hormone-dependent  to  an  estrogen 
receptor  negative  (ER-),  hormone-independent  phenotype  involves  the  loss  of  ER  expression  and  the  up-regulation  of 
a  number  of  growth  factor  receptors  and/or  their  ligands.  The  EGFR  is  one  particular  that  has  been  demonstrated  to  be 
overexpressed  in  breast  cancer.  There  is  a  noted  inverse  correlation  between  the  overexpression  of  ER  and  EGFR  in 
a  majority  of  breast  tumors,  being  either  ER+/EGFR-  or  ER-/EGFR+.  However,  a  significant  number  of  tumors  have 
been  observed  to  co-express  both  receptors,  being  ER+/EGFR+,  while  the  absence  of  both  receptors  (ER-/EGFR-)  is 
a  rare  occurrence.  Individual  cells  within  the  population  of  ER+/EGFR+  tumors  overexpress  one  of  the  receptors,  ER 
or  EGFR,  but  not  both,  emphasizing  the  inverse  overexpression  of  ER  vs.  EGFR  in  breast  cancer.  The  expression  of 
EGFR,  independent  of  ER  status,  is  indicative  of  a  more  aggressive  phenotype  and  predicts  for  poor  response  to 
endocrine  therapy  and  poor  survival  rate,  suggesting  that  up-regulation  of  EGFR  is  involved  in  the  progression  of  breast 
cancer  to  a  more  aggressive,  hormone-independent  phenotype.  Such  overexpression  of  EGFR  in  breast  cancer  cells  has 
been  shown  to  be  primarily  due  to  transcriptional  control.  Both  positive  and  negative  regulatory  factors  appear  to  play 
an  important  role  in  the  regulation  of  EGFR  gene  expression  in  other  cell  lines  and  are  suspected  to  do  so  in  breast 
cancer  cell  lines.  The  main  focus  of  our  laboratory  is  the  investigation  of  the  differential  regulation  of  the  EGFR  gene 
in  ER+  vs.  ER-  breast  cancer  cell  lines.  Experiments  performed  both  in  vivo  and  in  vitro  have  indicated  that  regions 
of  the  EGFR  gene  first  intron  are  involved  in  the  enhancement  and  repression  of  EGFR  gene  expression.  The  overall 
goal  of  this  project  is  to  identify  negative  regulatory  elements  within  the  EGFR  gene  first  intron  and  characterize  the 
mechanism  by  which  EGFR  gene  expression  is  repressed  in  estrogen-dependent  breast  cancer. 


BODY 

Research  Accomplishments 

The  main  focus  of  our  laboratory  is  the  investigation  of  the  differential  regulation  of  the  EGFR  gene  in  ER+ 
vs.  ER-  breast  cancer  cells.  Experiments  performed  in  the  lab  have  indicated  regions  within  the  EGFR  gene  first  intron 
are  involved  in  both  the  enhancement  and  repression  of  EGFR  gene  expression,  and  in  particular,  a  730  bp  fragment 
located  in  the  5'  region  of  the  EGFR  gene  first  intron  (Fig.  1  A)  may  be  involved  in  transcriptional  repression.  To 
investigate  the  role  of  intron  1  regions  in  the  repression  of  the  EGFR  gene  in  ER+  vs.  ER-  breast  cancer  cells  and  to 
identify  the  minimal  c/j-element(s)  demonstrating  repressive  activity,  transient  transfections  were  performed  utilizing 
CAT  reporter  constructs  with  both  homologous  and  heterologous  promoters.  The  homologous  promoter  constructs, 
designated  pJFEC,  address  the  ability  of  intron  fragments  to  regulate  transcriptional  activity  of  the  EGFR  promoter, 
while  the  heterologous  promoter  constructs,  designated  promCAT,  investigate  their  ability  to  control  transcriptional 
activity  of  the  SV40  promoter. 

Initially,  results  from  seven  transient  transfections  of  SV40  promoter-EGFR  intron  constructs  in  MCF-7  cells, 
which  are  ER+/low  EGFR  expressors,  demonstrated  the  a  730  bp  region  of  the  EGFR  gene  first  intron  repressed 
transcription  51%  (p<0.001),  and  that  a  305  bp  portion  of  this  region  retained  repressive  activity,  repressing  transcription 
42%  (p<0.001)  (Fig.  IB).  Results  from  twelve  transfections  of  EGFR  promoter-intron  constructs  demonstrated  that  this 
305  bp  fragment  exhibited  67%  (p<0.001)  repression  of  transcriptional  activity  in  the  forward  orientation  in  MCF-7 
cells,  but  no  significant  effect  in  the  reverse  orientation  (Fig.  IB).  In  BT549  cells,  which  are  ER-/high  EGFR 
expressors,  results  from  seven  transient  transfections  of  SV40  promoter-EGFR  intron  constructs,  as  well  as  fourteen 
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transfections  of  EGFR  promoter-intron  constructs,  demonstrated  that  neither  the  730  bp  region  nor  the  305  bp  fragment 
exhibited  repressive  activity  (Fig.  1C).  The  results  obtained  were  in  accord  with  previously  documented  reports  that 
documented  the  variability  of  silencer  activity  in  regards  to  orientation  dependence.  We  believe  the  variability  of  the 
CAT  data  obtained  in  BT549  breast  cancer  cells  was  not  a  reflection  of  technique  inconsistency,  but  rather  the  regulatory 
mechanisms  involved.  It  has  been  documented  by  a  number  of  labs  that  when  intron  repressor  elements  are  taken  out 
of  their  native  context,  or  cell-type,  in  which  it  is  not  participating  in  repression,  the  elements  demonstrate  variable 
activity.  These  results  indicated  that  I  had  identified  a  305  bp  fragment  within  the  EGFR  gene  first  intron  that  exhibited 
repressive  activity  with  both  homologous  and  heterologous  promoter  constructs  in  transient  transfection  assays  in 
ER+Zlow  EGFR  MCF-7  breast  cancer  cells,  but  not  in  the  ER-/high  EGFR  expressing  BT549  breast  cancer  cells. 

We  performed  in  vitro  DNase  I  footprinting  analysis  on  the  305  bp  intron  negative  regulatory  element  to 
investigate  factors  interacting  with  this  element  which  may  be  involved  in  mediating  its  transcriptional  repressive 
activity,  and  to  identify  sequences  involved  in  the  DNA-protein  interactions.  DNase  I  digestion  of  the  305  bp  probe 
incubated  with  40  ug  of  MCF-7  nuclear  extract  produced  an  altered  digestion  pattern,  as  compared  to  the  305  bp  probe 
alone,  without  the  presence  of  nuclear  extract  (Fig.  2).  Ten  regions  protected  from  DNase  I  digestion  were  identified; 
furthermore,  a  number  of  sites  at  the  boundaries  of  these  footprints  demonstrated  increased  sensitivity  to  DNase  I 
digestion.  These  protected  regions  and  hypersensitive  sites  are  indicative  of  factor  binding. 

In  order  to  investigate  proteins  which  interacted  with  the  305  bp  negative  regulatory  element  directly. 
Southwestern  analysis  (or  DNA-protein  blotting)  was  performed.  Nuclear  extracts  from  a  panel  of  ER+  vs.  ER-  breast 
cancer  cell  lines  were  separated  by  SDS-PAGE,  transferred  to  nitrocellulose  membranes,  and  hybridized  with  probes 
corresponding  to  intron  negative  regulatory  elements.  The  305  bp  intron  negative  regulatory  element  interacted  with 
two  proteins  around  130  KDa  and  35  KDa  in  size  (Fig.  3).  The  expression  pattern  and  amounts  of  the  two  proteins 
relative  to  each  other  suggest  that  the  ratios  of  particular  factors  may  be  involved  in  the  transcriptional  regulation  of 
EGFR  gene  expression  mediated  through  intron  elements,  as  opposed  to  the  complete  presence  and/or  absence  of  a 
specific  nuclear  factor.  It  should  be  noted  that  although  the  footprint  mdicated  numerous  factors  interacting  with  the 
305  bp  fragment.  Southwestern  analysis  only  identified  a  subset  of  these  factors.  The  reason  for  this  could  be  due  to 
the  inherent  limitations  of  Southwestern  analysis.  Some  proteins  may  need  to  be  in  their  native  conformation  or  in  a 
complex  in  order  interact  with  the  DNA  probe;  if  this  is  the  case,  these  proteins  will  not  be  detected  by  this  method. 

Based  on  results  from  in  vitro  DNase  I  footprinting,  numerous  factors  were  determined  to  interact  throughout 
the  entire  305  bp  negative  regulatory  element.  To  further  identify  the  minimal  intron  element  within  the  305  bp  region 
responsible  for  transcriptional  repression  of  EGFR  gene  expression  and  differential  factor  binding  in  ER+  vs.  ER-  breast 
cancer  cell  lines,  the  305  bp  negative  regulatory  element  was  divided  into  smaller,  overlapping  fragments  using 
convenient  restriction  sites  and  oligonucleotides.  To  evaluate  the  transcriptional  activity  of  these  smaller  intron 
elements,  fragments  were  subcloned  into  the  EGFR  promoter  construct,  pJFEC,  and  transient  transfections  were 
performed.  Electrophoretic  mobility  shift  assays,  or  gel  shifts,  were  performed  to  investigate  factor  binding  within  the 
305  bp  intron  negative  regulatory  element,  and  to  define  the  minimal  protein-binding  element.  The  use  of  overlapping 
DNA  probes  allowed  for  the  correlation  of  function  and  factor-binding. 

Digestion  of  the  305  bp  intron  negative  regulatory  element  with  the  enzymes  Pml  I  and  Alu  I  resulted  in  three 
fragments,  56  bp,  96  bp,  and  150  bp  in  size  (Fig.  4).  Results  from  six  transient  transfections  with  the  56  bp  fragment 
and  five  transient  transfections  with  the  150  bp  fragment  in  MCF-7  cells  demonstrated  that  these  fragments  repressed 
EGFR  transcriptional  activity  51%  (p<0.001)  and  60%  (p<0.001),  respectively  (Fig.  4).  Furthermore,  results  from  four 
transient  transfections  demonstrated  that  the  96  bp  fragment  repressed  EGFR  transcriptional  activity  to  a  much  greater 
extent,  93%  (p<0.001)  repression  of  EGFR  promoter  activity  (Fig.  4).  In  BT549  cells,  results  from  transient 
transfections  demonstrated  that  the  150  bp  and  56  bp  fragments  did  not  have  a  significant  effect  on  transcriptional 
activity  of  the  EGFR  promoter.  Moreover,  the  96  bp  fragment  appeared  to  enhance  transcriptional  activity  2.7-fold 
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(p=0.05)  (Fig.  4).  Like  the  305  bp  intron  negative  regulatory  element,  these  sub-fragments  demonstrated  similar 
activity,  repressing  EGFR  transcriptional  activity  in  ER+Zlow  EGFR  expressing  MCF-7  cells,  but  not  in  the  ER-/high 
EGFR  expressing  BT549  cells.  Moreover,  results  suggested  that  the  96  bp  intron  fragment  contained  the  major  negative 
regulatory  element  responsible  for  exhibiting  differential  repressive  activity. 

Gel  shift  assays  were  performed  with  overlapping  fiugments  representing  the  305  bp  intron  negative  regulatory 
element  to  investigate  factor  binding  in  nuclear  extracts  from  a  panel  of  ER+  vs.  ER-  breast  cancer  cell  lines.  Similar 
shift  patterns  were  obtained  with  all  probes  corresponding  to  the  305  bp  intron  element,  with  the  exception  of  the  96 
bp  fragment.  In  contrast  to  the  other  prohes,  the  96  bp  fragment  demonstrated  a  differential  shift  pattern  in  ER+  vs.  ER- 
nuclear  extracts  (Fig.  5).  Incubation  of  the  96  bp  probe  with  MCF-7  nuclear  extract  resulted  in  one  distinct  DNA-protein 
complex,  as  compared  to  probe  alone.  BT474  and  HeLa  (a  human  cervical  carcinoma  cell  line)  nuclear  extracts  also 
exhibited  a  similar  shifted  DNA-protein  complex.  Complex  formation  was  greatly  diminished  in  BT549  nuclear 
extracts,  as  compared  to  MCF-7  nuclear  extracts.  While  factors  interacting  with  the  96  bp  intron  element  did  not  appear 
to  be  breast-specific  since  DNA-complexes  were  observed  in  HeLa  nuclear  extracts,  complex  formation  appeared  to 
be  estrogen-regulated.  Treatment  with  the  anti-estrogen  ICI  182,780  or  estrogen-depletion  through  a  process  known 
as  “stripping”  resulted  in  decreased  complex  formation  with  MCF-7  and  BT474  nuclear  extracts.  These  results 
demonstrated  that  the  96  bp  intron  fragment  demonstrated  differential  binding  activity  in  ER+  vs.  ER-  breast  cancer  cells 
which  directly  correlated  with  ftmctionality  data.  These  results  further  substantiate  the  localization  of  the  major  negative 
regulatory  element  within  the  96  bp  intron  fragment. 

To  further  delineate  the  minimal  negative  regulatory  element  responsible  for  exhibiting  transcriptional 
repressive  activity,  the  96  bp  region  was  subdivided  into  smaller  fragments  representing  the  entire  96  bp  negative 
regulatory  element.  The  transcriptional  activity  of  these  fragments  was  determined  utilizing  transient  transfections  and 
CAT  assays.  Gel  shift  assays  were  performed  in  order  to  examine  factor  binding  to  these  intron  sites.  Digestion  of  the 
96  bp  negative  regulatory  element  with  Hae  II  resulted  in  two  smaller  fragments,  a  37  bp  fragment  and  a  59  bp  fragment 
(Fig.  6).  Results  from  eight  transient  transfection  assays  with  EGFR  promoter  constructs  containing  the  59  bp  intron 
element  demonstrated  that  the  59  bp  fragment  repressed  EGFR  transcriptional  activity  50%  (p<0.001)  in  MCF-7  cells 
and  62%  (p<0.001)  in  BT549  cells  (Fig.  6).  Results  from  six  transient  transfections  with  EGFR  promoter  constructs 
containing  the  37  bp  fragment  demonstrated  a  3-fold  (p=0.04)  increase  in  EGFR  transcriptional  activity  in  MCF-7  cells 
and  no  significant  effect  in  BT549  cells  (Fig.  6).  These  results  suggested  that  the  59  bp  intron  region  may  contain  the 
negative  regulatory  element  and  the  37  bp  intron  region  may  contain  the  regulatory  element  responsible  for  mediating 
cell  type-specificity  with  respect  to  repressive  activity.  Experiments  are  currently  being  performed  utilizing 
oligonucleotides  representing  the  96  bp  intron  element  in  order  to  confirm  these  results,  as  well  as  to  narrow  down  the 
minimal  negative  regulatory  element. 

In  order  to  further  identify  the  minimal  negative  element  containing  both  transcriptional  repressive  activity  and 
differential  factor  binding,  the  59  bp  and  37  bp  fragments  were  used  as  probes  in  gel  shift  assays.  Incubation  of  the  59 
bp  fragment  with  5  ug  MCF-7  nuclear  extract  resulted  in  a  single-shifted  complex,  relative  to  probe  alone,  which  was 
reduced  in  BT549  nuclear  extracts  (Fig.  7).  Incubation  of  the  37  bp  fragment  with  5  ug  MCF-7  nuclear  extract  also 
resulted  in  a  single-shifted  complex,  relative  to  probe  alone,  that  was  reduced  in  BT549  nuclear  extracts  (Fig.  7).  These 
sub-fragments  retained  the  differential  binding  pattern  originally  displayed  by  the  96  bp  intron  negative  regulatory 
element.  Gel  shift  assays  utilizing  the  oligonucleotides  representing  the  96  bp  intron  element  are  currently  being 
performed  to  investigate  factor  binding  to  the  intron  negative  regulatory  element. 

Sequence  comparison  of  regions  identified  by  in  vitro  DNase  I  footprinting  identified  a  number  of  putative 
binding  sites  for  transcription  factors  which  had  been  demonstrated  to  be  involved  in  the  regulation  of  EGFR 
transcriptional  activity  in  other  cell  lines.  In  order  to  investigate  the  role  of  specific  factors  in  the  regulation  of  EGFR 
gene  expression  in  breast  cancer  cells  and  to  identify  their  presence  within  the  DNA-protein  complex  formed  with 
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specific  intron  fragments,  competition  gel  shift  assays  and  antibody  supershifts  were  performed.  Two  putative  ETR, 
or  EGFR  gene  transcriptional  repressor,  sites  were  identified  within  the  96  bp  intron  negative  regulatory  element. 
Initially,  the  ETR  was  identified  in  the  distal  promoter  of  the  EGFR  gene  and  was  shown  to  demonstrate  repressive 
transcriptional  activity  in  various  non-breast  human  cell  lines  (Hou  et.  al.,  1994).  Incubation  of  the  96  bp  probe  with 
5  ug  MCF-7  nuclear  extract  produced  a  distinct  DNA-protein  complex  (Fig.  8).  Addition  of  increasing  amounts  of  cold 
competitor  ETR  oligo  resulted  in  a  faster  migrating  DNA-protein  complex,  as  compared  to  the  initial  DNA-protein 
complex  formed  with  MCF-7  nuclear  extract  (Fig.  8).  These  results  suggested  that  the  ETR  may  be  a  component  of  the 
complex  which  interacts  with  the  96  bp  negative  regulatory  element. 

Results  from  experiments  previously  performed  in  our  lab  have  suggested  that  the  first  intron  of  the  EGFR  gene 
is  organized  in  a  different  chromatin  configuration  in  ER+  vs.  ER-  breast  cancer  cell  lines.  Recently,  attention  has 
focused  on  histone  acetylation  as  a  mechanism  for  transcriptional  regulation.  Hyperacetylation  of  nucleosomes  has  been 
demonstrated  to  result  is  a  looser,  more  open  chromatin  conformation,  and  increased  transcriptional  activity.  To 
investigate  the  role  of  chromatin  conformation  in  the  negative  regulation  of  EGFR  gene  expression  in  ER+  vs.  ER- 
breast  cancer  cells,  we  utilized  the  histone  deacetylase  inhibitor,  Trichostatin  A  (TSA),  and  examined  the  levels  of 
endogenous  EGFR  mRNA  levels  in  MCF-7  vs.  BT549  breast  cancer  cells. 

RNA  was  harvested  from  MCF-7  and  BT549  breast  cancer  cells  which  were  untreated  or  treated  for  24  hours 
with  3uM  TSA.  RNA  was  hybridized  to  probes  corresponding  to  EGFR  and  an  internal  control,  36B4.  Unhybridized, 
single-stranded  RNA  was  digested  with  RNase  A,  and  the  protected  RNA  fragments  were  run  on  6%  denaturing 
polyacrylamide  gels  containing  urea.  The  visualized  RNA  is  representative  of  expression  levels;  EGFR  levels  were 
normalized  to  the  internal  control  RNA,  36B4.  Effects  of  TSA  on  the  levels  of  EGFR  were  compared  to  levels  of  EGFR 
in  untreated  cells.  Treatment  with  3uM  TSA  resulted  in  a  2.5-fold  increase  in  EGFR  message  levels  in  MCF-7  breast 
cancer  cells,  while  a  45%  decrease  in  EGFR  levels  were  observed  in  BT549  breast  cancer  cells  (Fig.  9).  Results  from 
the  TSA  experiments  suggested  that  the  EGFR  gene  adopted  a  more  open  chromatin  conformation  in  MCF-7  breast 
cancer  cells  which  increased  EGFR  transcriptional  activity,  which  is  what  we  had  anticipated.  The  decrease  in  EGFR 
levels  in  BT549  breast  cancer  cells,  however,  was  a  little  surprising.  We  hypothesize  that  this  decrease  was  an  indirect 
effect;  treatment  with  TSA,  globally  affects  transcriptional  activity  of  gene  expression,  and  it  is  not  confined  to  the 
EGFR  gene.  We  suspect  that  TSA  treatment  resulted  in  the  induction  of  gene  expression  of  a  repressor  that  now 
interacts  with  the  EGFR  gene  and  resulted  in  its  decreased  transcriptional  activity. 

Experiments  are  in  progress  to  identify  the  minimal  negative  regulatory  within  the  EGFR  gene  first  intron 
which  demonstrates  repressive  transcriptional  activity  and  displays  differential  factor  binding  with  nuclear  extracts  from 
ER+  vs.  ER-  breast  cancer  cell  lines.  Furthermore,  the  role  of  estrogen  in  the  transcriptional  repression  exhibited  by 
the  intron  negative  regulatory  element  is  being  investigated.  In  conclusion,  I  have  identified  a  96  bp  element  within  the 
EGFR  gene  first  intron  which  represses  EGFR  transcriptional  activity  in  the  ER+/low  EGFR  expressing  MCF-7  breast 
cancer  cells,  but  not  in  the  ER-/high  EGFR  expressing  BT549  breast  cancer  cells.  Furthermore,  the  96  bp  intron 
negative  regulatory  element  demonstrated  differential  factor  binding  in  ER+  vs.  ER-  nuclear  extracts  which  appeared 
to  be  estrogen-dependent. 

Training 

This  project  is  providing  Ms.  Wilson  with  training  in  the  areas  of  gene  regulation  and  breast  cancer.  I  am  in 
the  process  of  writing  my  thesis  dissertation,  as  well  as  a  manuscript. 
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PROPRIETARY  DATA 

730  bp 


Fi^re  1.  A.  Map  of  the  EGFR  first  exon  and  approximately  1  Kb  of  the  first  intron  indicating  intron  fi-agments  for 
subcloning  into  reporter  constructs.  B.  CAT  activity  of  promCAT  and  pJFEC  constructs  in  MCF-7  cells.  C.  CAT 
activity  of  promCAT  and  pJFEC  constructs  in  BT549  cells.  F  and  R  refer  to  the  fragments  in  the  forward  and 
reverse  orientation,  respectively. 
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Figure  2.  In  vitro  DNase  I  footprinting  of  the  305  bp  intron  negative  regulatory  element. 
Map  of  the  305  bp  intron  element  depicting  the  footprint  probe  used  to  define  specific 
regions  of  DNA-protein  interaction  and  to  delineate  the  protein-binding  sequences.  The  305 
bp  probe  was  labeled  on  one  strand  at  the  5'  end  and  incubated  with  increasing 
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305  bp  probe 


Figure  3.  Southwestern  analysis  of  a  panel  of  ER+  vs.  ER-  breast  cancer  cells. 
Southwestern  analysis  (DNA-protein  blotting)  was  performed  to  examine  factors  interacting 
with  the  305  bp  intron  negative  regulatory  element  that  exhibited  repressive  activity. 
Nuclear  extracts  from  a  panel  of  breast  cancer  cell  lines  were  separated  by  SDS-PAGE, 
transferred  to  nitrocellulose  membranes,  and  probed  with  the  ^^P-labeled  305  bp  DNA 
fragment.  BT474  are  ER+  breast  cancer  cells  which  express  higher  levels  of  EGFR  than 
MCF-7  cells.  To  investigate  the  effect  of  estrogen  on  DNA-protein  interaction,  nuclear 
extracts  were  made  from  MCF-7  cells  treated  with  the  anti-estrogen  1 82,780  and  BT474  cells 
depleted  of  estrogen  by  a  process  known  as  “stripping.”  HeLa  cells  are  hxunan  cervical 
carcinoma  cells. 
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Figure  4.  CAT  assay  results  in  MCF-7  and  BT549  breast  cancer  cells 
with  sub-fragments  of  the  305  bp  intron  negative  regulatory 
element.  The  map  depicts  the  fragments  relative  to  one  another. 
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Figure  5.  DNA-protein  complex  formation  with  the  96  bp  intron  fragment.  The  96  bp  probe 
was  incubated  with  5ug  of  nuclear  extracts  from  a  panel  of  breast  cancer  cell  lines,  as  well 
as  from  HeLa  cells.  The  96  bp  intron  fragment  demonstrated  differential  shift  patterns  in 
ER+  vs.  ER-  nuclear  extracts.  The  DNA-protein  complex  was  dramatically  reduced  in 
BT549  nuclear  extracts.  Furthermore,  complex  formation  with  the  96  bp  element  appeared 
to  be  estrogen-regulated;  treatment  with  ICI  or  “stripping”  reduced  complex  formation. 
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Figure  6.  CAT  assay  results  in  MCF-7  and  BT549  breast  cancer  cells 
with  sub-fragments  of  the  96  bp  intron  negative  regulatory 
element.  The  map  depicts  the  fragments  relative  to  one  another. 
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Figure  7.  DNA-protein  complex  formation  with  the  59  bp  and  37  bp  intron  fragments.  5ug 
of  indicated  nuclear  extracts  were  incubated  with  A.)  the  59  bp  probe  and  B.)  the  37  bp 
probe.  The  59  bp  and  37  bp  intron  elements  formed  DNA-protein  complexes  with  MCF-7 
nuclear  extracts  that  were  dramatically  reduced  in  BT549  nuclear  extracts. 
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Figure  8.  Competition  gel  shift  assay  between  the  96  bp  probe  and  the  EGFR  gene 
transcriptional  repressor  (ETR).  Incubation  of  the  96  bp  probe  with  5ug  MCF-7  nuclear 
extract  resulted  in  the  formation  of  a  distinct  DNA-protein  complex  that  was  competed  away 
with  the  addition  of  increasing  concentrations  of  cold  competitor  ETR  oligo.  Addition  of  the 
competitor  ETR  DNA  resulted  in  a  faster  migrating  complex,  suggesting  the  ETR  was 
involved  in  the  DNA-protein  complex  formed  between  the  96  bp  intron  negative  regulatory 
element  and  MCF-7  nuclear  extract. 


16 


PROPRIETARY  DATA 
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Figure  9..  Effect  of  Trichostatin  A  (TSA)  on  EGFR 
message  levels  in  breast  cancer  cell  lines. 
Representative  RNase  protection  assay  in  MCF-7 
and  BT549  breast  cancer  cell  lines  untreated 
and  treated  with  3uM  TSA. 
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APPENDICES 


KEY  RESEARCH  ACCOMPLISHMENTS 

♦  A  305  bp  region  within  the  EGFR  gene  first  intron  demonstrates  repressive  activity  with  both  homologous  and 
heterologous  promoter/CAT  constructs  in  the  ER+Zlow  EGFR  expressing  MCF-7  breast  cancer  cells,  but  not 
in  the  ER-/high  EGFR  expressing  BT549  breast  cancer  cells. 

♦  Multiple  factors  within  MCF-7  nuclear  extracts  interact  with  the  305  bp  intron  negative  regulatory  and  may 
be  involved  in  the  transcriptional  activity  displayed  by  this  intron  element. 

♦  A  96  bp  sub-fragment  appears  to  contain  the  major  negative  regulatory  element  responsible  for  transcriptional 
repressive  activity.  Furthermore,  this  element  demonstrates  a  differential  binding  pattern  with  nuclear  extracts 
from  ER+  vs.  ER-  breast  cancer  cells. 

♦  The  EGFR  gene  transcriptional  repressor,  or  ETR,  appears  to  be  involved  in  the  DNA-protein  complex  formed 
between  factors  in  MCF-7  nuclear  extracts  and  the  96  bp  probe. 

♦  Chromatin  conformation  may  play  a  role  in  the  negative  regulation  of  EGFR  gene  expression  in  hormone- 
dependent  breast  cancer  cells. 


REPORTABLE  OI JTCOMES 

♦  Third  Place  in  Student  Research  Days  Poster  Competition.  Wilson,  M.A.,  Mclnemey,  J.M.,  and  Chrysogelos, 
S.A.  Negative  Regulation  of  EGFR  Gene  Expression  in  Hormone-Dependent  Breast  Cancer  Cells.” 

♦  Wilson,  M.A.,  Mclnemey,  J.M.,  and  Chrysogelos,  S.A.  Negative  Regulation  of  EGFR  Gene  Expression  in 
Hormone-Dependent  Breast  Cancer  Cells.  90“'’  Aimual  American  Association  for  Cancer  Research  Meeting, 
Philadelphia,  PA,  April  10-14,  1999. 

♦  Manuscript:  Wilson,  M.A.  and  Chrysogelos,  S.A.  Identification  and  characterization  of  a  negative  regulatory 
element  within  the  epidermal  growth  factor  receptor  gene  in  hormone-dependent  breast  cancer  cells, 
manuscript  in  preparation. 

MANUSCRIPTS  AND  ABSTRACTS  ATTACHED 

♦  Wilson,  M.A.,  Mclnemey,  J.M.,  and  Chrysogelos,  S.A.  Negative  Regulation  of  EGFR  Gene  Expression  in 
Hormone-Dependent  Breast  Cancer  Cells.  Student  Research  Days,  Georgetown  University,  Febmamy  23, 
1999,  and  the  90*  Annual  American  Association  for  Cancer  Research  Meeting,  Philadelphia,  PA,  April  10-14, 
1999. 
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NEGATIVE  REGULATION  OF  EGFR  GENE  EXPRESSION  IN  HORMONE-DEPENDENT  BREAST 
CANCER  CELLS  Melissa  A.  Wilson,  Jane  M.  Mclnemey,  and  Susan  A.  Chrysogelos  Lombardi  Cancer  Center, 
Department  of  Biochemistry/Molecular  Biology  (M.A.W.,  S.A.C.);  Dartmouth  Medical  School,  Departments  of 
Medicine  and  Pharmacology/Toxicology  (J.M.M.) 

The  overall  objective  of  this  study  is  to  understand  the  role  the  first  intron  of  the  epidermal  growth  factor  receptor 
(EGFR)  gene  plays  in  the  negative  regulation  of  EGFR  gene  expression  in  hormone-dependent  breast  cancer.  EGFR, 
which  has  been  demonstrated  to  be  overexpressed  in  breast  cancer,  is  inversely  correlated  with  estrogen  receptor  (ER) 
status  in  a  majority  of  tumors;  however,  a  significant  number  of  tumors  co-express  the  two  receptors.  EGFR 
expression,  independent  of  ER  status,  is  associated  with  a  more  aggressive  phenotype  and  predicts  for  poor  response 
to  endocrine  therapy,  suggesting  that  up-regulation  of  EGFR  is  involved  in  the  progression  to  a  more  aggressive, 
hormone-independent  phenotype.  Experiments  were  designed  to  characterize  the  mechanism  by  which  negative 
regulatory  elements  present  within  the  EGFR  gene  first  intron  specifically  repress  EGFR  gene  expression  in  estrogen- 
dependent  breast  cancer  cells.  We  have  identified  a  305bp  region  of  the  EGFR  gene  first  intron  that  represses 
transcriptional  activity  of  the  EGFR  gene  in  ER+/  low  EGFR  expressing  MCF-7  breast  cancer  cells,  but  not  in  ER- 
/high  EGFR  expressing  BT549  breast  cancer  cells.  Furthermore,  gel  shift  assays  with  various  fragments  representing 
the  305bp  region  have  revealed  differences  in  DNA-protein  complexes  between  MCF-7  and  BT549  cells;  incubation 
of  MCF-7  nuclear  extracts  with  a  96bp  fragment  results  in  the  formation  of  a  distinct  DNA-protein  complex  which  is 
absent  in  BT549  nuclear  extracts.  Results  from  in  vitro  DNasel  footprinting  and  southwestern  analysis  suggest  that 
multiple  protein  factors  may  be  involved  in  regulating  EGFR  gene  expression.  Preliminary  results  from  RNase 
protection  assays  demonstrate  that  treatment  with  Trichostatin  A,  a  histone  deacetylase  inhibitor,  results  in  an  increase 
in  EGFR  message  levels  in  MCF-7  cells,  while  a  decrease  in  EGFR  levels  is  observed  in  BT549  cells.  Based  on  our 
experimental  results,  we  hypothesize  that  there  are  multiple  forms  of  transcriptional  repression  aeting  on  the  EGFR 
gene,  and  that  the  305bp  region  within  the  EGFR  gene  first  intron  is  involved  in  transcriptional  repression  observed 
in  hormone-dependent  breast  cancer  cells.  By  studying  the  role  of  transcriptional  repression  in  EGFR  gene  expression, 
we  hope  to  elucidate  the  molecular  mechanisms  by  which  EGFR  expression  is  altered  during  breast  cancer  progression. 
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